Flow batteries (FBs), with great advantage of no region restriction, high efficiency, low cost and safety, are hotly pushed by the application and integration of intermittent renewable energy resources (wind, solar and tidal). They are typically used for applications requiring kW to MW power scales, especially as uninterrupted or back-up supplies. However, the high cost membrane not only makes the system complex but also increases the integration cost. Eliminating membranes is a promising way to reduce the integration cost of FBs. Zinc-nickel single flow battery (ZNB), without membranes, has been hotly pushed by several groups [1, 2] . During charge, the solid Ni(OH) 2 lose an electron and a proton forming solid NiOOH on the positive electrode, while zincates get electrons depositing on the negative electrode. The reversed reactions occur during the discharging process as expressed below: Positive reaction: Ni(OH) 2 , which influences the response to fluctuation of inconsecutive energy resources and increases the integration cost. The large polarization resistance is an critical obstacle to further improve the power density without compromising battery performance. However, no efforts have been occurred on clarifying the polarization distribution to solve the problems.
In this study, we firstly investigated the polarization distribution (negative polarization, positive polarization and IR drop) at various current densities (20 to 80 mA cm -2 ) by in situ monitoring the half cell potentials (Fig.1) , finding that the positive polarization is the main contributor to full-cell polarization resistance. Then, a novel cell structure (Fig.2) , with well enhanced mass transport and uniform current distribution, has been designed to reduce the positive polarization resistance. The power density increases dramatically, meanwhile energy efficiency improves 10.3% reaching to 75.2% at 80 mA cm -2 , which is a higher value ever reported.
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